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Unfortunately, there is no endogenous marker for hepatic clearance that can beAbstract
used as a guide for drug dosing. In order to predict the kinetic behaviour of drugs
in cirrhotic patients, agents can be grouped according to their extent of hepatic
extraction. For drugs with a high hepatic extraction (low bioavailability in healthy
subjects), bioavailability increases and hepatic clearance decreases in cirrhotic
patients. If such drugs are administered orally to cirrhotic patients, their initial
dose has to be reduced according to hepatic extraction. Furthermore, their mainte-
nance dose has to be adapted irrespective of the route of administration, if
possible, according to kinetic studies in cirrhotic patients. For drugs with a low
hepatic extraction, bioavailability is not affected by liver disease, but hepatic
clearance may be affected. For such drugs, only the maintenance dose has to be
reduced, according to the estimated decrease in hepatic drug metabolism. For
drugs with an intermediate hepatic extraction, initial oral doses should be chosen
in the low range of normal in cirrhotic patients and maintenance doses should be
reduced as for high extraction drugs. In cholestatic patients, the clearance of drugs
with predominant biliary elimination may be impaired. Guidelines for dose
reduction in cholestasis exist for many antineoplastic drugs, but are mostly
lacking for other drugs with biliary elimination. Dose adaptation of such drugs in
cholestatic patients is, therefore, difficult and has to be performed according to
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pharmacological effect and/or toxicity. Importantly, the dose of drugs with
predominant renal elimination may also have to be adapted in patients with liver
disease. Cirrhotic patients often have impaired renal function, despite a normal
serum creatinine level. In cirrhotic patients, creatinine clearance should, therefore,
be measured or estimated to gain a guideline for the dosing of drugs with
predominant renal elimination. Since the creatinine clearance tends to overesti-
mate glomerular filtration in cirrhotic patients, the dose of a given drug may still
be too high after adaptation to creatinine clearance. Therefore, the clinical
monitoring of pharmacological effects and toxicity of such drugs is important.
Besides the mentioned kinetic changes, the dynamics of some drugs is also altered
in cirrhotic patients. Examples include opiates, benzodiazepines, NSAIDs and
diuretics. Such drugs may exhibit unusual adverse effects that clinicians should be
aware of for their safe use. However, it is important to realise that the recommen-
dations for dose adaptation remain general and cannot replace accurate clinical
monitoring of patients with liver disease treated with critical drugs.

An alcoholic patient with physical signs of liver tract,[2,3] the absorption process of orally adminis-
cirrhosis enters the hospital because of a seizure. tered drugs might be altered. The extent of drug
After intravenous (IV) temazepam for the seizure, absorption could be decreased as a consequence of
he is treated with oral clomethiazole as a prophylax- these pathologies or may be increased because of a
is for delirium tremens. After the first dose of high intestinal permeability in patients with portal
clomethiazole, the patient experiences hypoventila- hypertension.[4,5] However, the amount of drug ab-
tion that results in global respiratory failure and sorbed is generally not affected in patients with
eventually necessitates intubation and artificial ven- cirrhosis,[6] whereas the rate of the absorption of
tilation. No further doses of clomethiazole are ad-

orally administered drugs may be decreased.ministered and sedation is achieved with IV midazo-
Delayed absorption, which is not explained by hy-lam. After extubation, prophylaxis for delirium
pertensive gastropathy, gastritis or ulcers has, fortremens is performed with oral oxazepam, which is
instance, been shown for furosemide in patients withwell tolerated by the patient and can be withdrawn
cirrhosis,[7,8] but not for torasemide, which is anoth-gradually after 5 days.
er loop diuretic used in patients with ascites.[9] TheThe present article deals with the pharmacokinet-
studies with furosemide suggest that impaired gas-ic and pharmacodynamic changes of drugs in pa-
trointestinal motility may be a mechanism fortients with chronic liver disease and should help to
delayed drug absorption in patients with cirrhosis.understand and avoid situations such as the one

described. Cirrhotic patients have delayed gastric empty-
ing,[10,11] which possibly results from a decreased

1. Changes in Pharmacokinetics action of gastrointestinal hormones such as secretin,
glucagon, cholecystokinin or motilin.[12] ProkineticChronic liver disease, in particular liver cirrhosis,
agents such as erythromycin or cisapride, which actcan modulate many factors determining the beha-
differently to the gastrointestinal hormones men-viour of drugs in the body. The most important

alterations in the kinetic behaviour of drugs will be tioned, can speed up gastric emptying in cirrhotic
discussed in the following sections. patients,[13,14] thus supporting the concept that the

reasons for impaired gastric emptying in patients
1.1 Drug Absorption with cirrhosis are functional and not organic in

nature. Impaired gastric emptying may be relevantSince patients with liver cirrhosis are frequently
for preparations with delayed drug release, since theaffected by portal hypertensive gastropathy,[1] gas-

tritis and/or ulcers of the upper gastrointestinal action of these drugs may be delayed further in this

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (6)



Dose Adjustment in Patients with Liver Disease 531

group of patients and may, therefore, be difficult to
predict.

1.2 Drug Distribution

In patients with liver cirrhosis who have oedema
and/or ascites, the volume of distribution of hydro-
philic drugs is increased. As a consequence, the
loading dose of hydrophilic drugs may have to be
increased in cirrhotic patients when a rapid action is
needed (e.g. for β-lactam antibacterials or for digox-
in). In cirrhotic patients with ascites, the initial ad-
ministration of such drugs should, therefore, be per-
formed according to bodyweight if a rapid and com-
plete effect of the drug is desired.

On the other hand, an increase in the volume of
distribution is associated with an increase in the
elimination  half-life of such  drugs.[6] A  slower
elimination velocity in cirrhotic patients with ascites
has indeed been demonstrated for furosemide[7,8]

and for β-lactam antibacterials such as ceftazidime
or cefprozil.[15,16] However, the influence of oedema
and/or ascites on the elimination velocity of hydro-
philic drugs used in this group of patients appears to
be small and usually has no practical conse-
quences.[8] Since many hydrophilic drugs are excret-
ed non-metabolised primarily by the kidney, renal
function should also be taken into consideration for
such drugs. This aspect is discussed in section 1.4.

1.3 Hepatic Clearance

Although measurements of the creatinine clear-
ance level can be used for dose adjustments in cases
of impaired renal function,[17] there is no naturally
occurring substance that can be used to estimate the
hepatic clearance of drugs. The Child-Pugh score is
composed of several clinical variables and is used
widely for the assessment of prognosis in patients
with liver cirrhosis,[18] but does not reflect the hepat-
ic clearance or pharmacodynamics of drugs in these
patients.[19] Regarding the lack of endogenous mark-
ers for the hepatic clearance of drugs, exogenous
compounds might serve as an alternative. As shown
in table I, the kinetics of several substances has been
investigated, but none of them has gained general
acceptance in the prediction of drug kinetics in
patients with liver disease. Important reasons limit-
ing the clinical value of these tests are that such tests

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (6)
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may be invasive and time consuming and that the
hepatic metabolism of drugs may be too complex to Q + (fu × Cli)

Q × (fu × Cli)
Clhep =

be predicted accurately by such procedures. As dis-
(Eq. 3)cussed in the following sections, drugs can be

For drugs with a high hepatic extraction (fu x Cli)metabolised by different enzymes (e.g. different cy-
is >> Q and Clhep is approximating Q. These drugstochrome P450 [CYP] isoenzymes and different en-
are, therefore, called ‘flow-limited’ or ‘high extrac-zymes for drug conjugation) and can be excreted by
tion’. Alternatively, for drugs with a low extraction,the bile. One probe drug or exogenous substance is,
(fu x Cli) is << Q and Clhep is approximating (fu xtherefore, most probably not sufficient to predict the
Cli). These drugs are called ‘enzyme-limited’ orkinetics of all drugs used in patients with cirrhosis.
‘low extraction’ and their Clhep is mainly deter-A cocktail of probe drugs could be used,[19] but
mined by the capacity of the liver to metabolise suchanalysis of the substances applied would be time
drugs. Many drugs are in between these two ex-consuming and might, therefore, not be helpful in
tremes and show properties of both groups (table II).most clinical situations.

Another possible way to predict the kinetic beha- 1.3.1 High Extraction Drugs
viour of drugs and to avoid dose-dependent drug High extraction drugs undergo a high extraction
toxicity in patients with liver disease is to classify during the first passage across the liver (≥60%) and,
drugs according to their handling by the liver. In therefore, have a bioavailability of ≤40% (see figure
order to understand the basis and consequences of 1). Since the blood flow across the liver is typically
this classification, the hepatic extraction (E) and decreased in patients with liver cirrhosis,[30,31] the
hepatic clearance (Clhep) of drugs have to be de- elimination of high extraction drugs is retarded in
fined. Clhep can be expressed for a given drug as the comparison to patients with normal liver function.
product of the blood flow across the liver (Q) and In addition to decreased blood flow across the liver,
the extraction of this drug (E) during its first passage patients with liver cirrhosis frequently have porto-
across the liver (equation 1): systemic shunts, which prevent the exposure of

hepatocytes to drugs.[6,20] As a consequence, a varia-
ble amount of portal blood is not cleared by the

Cin

Cin − Cout
Clhep = Q × E = Q ×

hepatocytes, which potentially leads to a significant
increase in the bioavailability of high extraction(Eq. 1)
drugs that are administered orally (figure 2).where Cin is the concentration of the drug in the

For example, the bioavailability of clomethiazoleportal and Cout is the concentration of the drug in the
is 10% in healthy subjects and may increase to 100%liver veins. According to the venous equilibrium
in patients with liver cirrhosis.[32] This 90% increasemodel (the concentration of a substance in the liver
in bioavailability is associated with a 10-fold higheris assumed to be uniform and equal to the hepatic
drug exposure and eventually leads to adverse drugoutflow concentration), E can also be expressed as
reactions, as demonstrated in the clinical example at(equation 2):[6]

the beginning of this article. Table III lists the ob-
served increase in the bioavailability of some drugs
in patients with liver cirrhosis compared withQ + (fu × Cli)

fu × Cli
E =

healthy subjects.(Eq. 2)
Therefore, for high extraction drugs that are ad-

where Cli is the intrinsic hepatic clearance and fu is ministered orally, both the initial and the mainte-
the fraction of a drug not bound to serum proteins nance doses have to be reduced in patients with liver
(free fraction). Cli reflects the capacity of the liver to cirrhosis. However, the extent of this reduction can-
metabolise a certain drug independently of the blood not be predicted accurately since neither the porto-
flow across the liver. systemic shunt nor the hepatic blood flow are usual-

Using this expression for E, Clhep can be written ly known in a given patient. A conservative ap-
as (equation 3): proach is to assume a 100% oral bioavailability of

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (6)
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Table II. Classification of drugs metabolised by the liver according to pharmacokinetic characteristics

Effect of porto-systemic Drug class Examples of drugs (hepatic extraction value)a

shunts on bioavailability

Low hepatic extraction (<30%)/low protein binding (<90%)

Not relevant Analgesics Paracetamol (acetaminophen)

Antibacterial drugs Doxycycline, metronidazole

Antidepressants Citalopram, fluoxetine, fluvoxamine, moclobemide

Antiemetics Metoclopramide

Antiepileptics Carbamazepine, ethosuximide, lamotrigine, levetiracetam, phenobarbital, primidone, topiramate

Antihistamines Diphenhydramine

Antineoplastic and Cyclophosphamide, hydroxycarbamide (hydroxyurea), letrozole, melphalan, temozolomide
immunosuppressive agents

Antiparkinson drugs Pramipexole

Antipsychotics Risperidone

Benzodiazepines Alprazolam, bromazepam, clobazam, flunitrazepam, flurazepam, nitrazepam, triazolam

Bronchodilators Theophylline

Corticosteroids Methylprednisone, prednisone

Tuberculostatic drugs Isoniazid

Other hypnotics and sedatives Methaqualone, zopiclone

Low hepatic extraction (<30%)/high protein binding (>90%)

Not relevant Analgesics Methadone

Antiandrogens Cyproterone

Antibacterial drugs Ceftriaxone, clarithromycin, clindamycin

Anticoagulants Phenprocoumon

Antidepressants Maprotiline, trazodone

Antidiabetic drugs Glipizide, tolbutamide

Antiepileptics Phenytoin, tiagabine, valproic acid

Antiestrogens Tamoxifen, toremifene

Antihyperlipidemic drugs Clofibrate, gemfibrozil

Antineoplastic and Chlorambucil, mycophenolate mofetil
immunosuppressive agents

Antiparkinson drugs Sertindole

Antipsychotics Tolcapone

Antiulcer drugs Lansoprazole

Benzodiazepines Chlordiazepoxide, diazepam, lorazepam, oxazepam, temazepam

Continued next page
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Table II. Contd

Effect of porto-systemic Drug class Examples of drugs (hepatic extraction value)a

shunts on bioavailability

Corticosteroids Prednisolone

Tuberculostatic drugs Rifampicin (rifampin)

Other hypnotics and sedatives Zolpidem

Intermediate hepatic extraction (30–60%)

May be clinically relevant Analgesics Codeine (0.52), pethidine (meperidine) [0.52]

Antiarrhythmics and Amiodarone (0.54), lidocaine (0.4)
anaesthetic agents

Antibacterial drugs Ciprofloxacin (0.4), erythromycin (0.38)

Antidepressants Amitriptyline (0.6), clomipramine (0.5), mirtazapine (0.43), nortriptyline (0.34), paroxetine (0.38)

Antifungal agents Itraconazole (0.4)

Antihyperlipidemic drugs Atorvastatin (0.55), pravastatin (0.32), simvastatin (0.35)

Antineoplastic and Azathioprine (0.4), etoposide (0.48)
immunosuppressive agents

Antiparkinson drugs Entacapone (0.48)

Antipsychotics Amisulpride (0.52), clozapine (0.45), fluphenazine (0.47), haloperidol (0.55), olanzapine (0.4),
zuclopenthixol (0.51)

Antiulcer drugs Omeprazole (0.35), ranitidine (0.48)

β-adrenoceptor antagonists Carvedilol (0.41)

Calcium channel antagonists Diltiazem (0.55), felodipine (0.56), nifedipine (0.33)

Progestogens Medroxyprogesterone (0.55)

Prolactin inhibitors Lisuride (0.53)

Psychostimulants Methylphenidate (0.54)

High hepatic extraction (>60%)

Clinically relevant Analgesics Morphine (0.76), pentazocine (0.8), propoxyphene (n/a)

Anthelmintics Praziquantel (n/a)

Antianginal agents Isosorbide dinitrate (0.78), nitroglycerine (≈1)

Anticholinesterases Tacrine (n/a)

Antidepressants Dibenzepin (0.75), doxepin (0.72), imipramine (0.61), mianserin (0.67), sertraline (≈1), trimipramine
(0.67), venlafaxine (0.73)

Antihistamines Promethazine (0.76)

Antihyperlipidemic drugs Fluvastatin (0.71), lovastatin (0.95)

Antimigraine agents Sumatriptan (0.82)

Continued next page
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such drugs in cirrhotic patients. Accordingly, initial
and first maintenance doses should be reduced, tak-
ing into account the assumed increase in bioavai-
lability as follows (equation 4):

100

normal dose × bioavailability
Reduced dose =

(Eq. 4)
‘Normal dose’ is the starting dose in a patient

without liver disease and ‘bioavailability’ is the
percentage of a drug ingested orally that reaches the
systemic circulation in a healthy person. The main-
tenance dose should be adjusted, taking into account
the desired pharmacological effect and toxicity of
the drug used. Using this approach, a possible reduc-
tion in drug clearance due to impaired hepatic blood
flow is not considered, but may be negligible com-
pared with the assumed increase in bioavailability.

On the other hand, for high extraction drugs that
are administered intravenously, a normal initial dose
can be administered and the maintenance doses have
to be reduced according to hepatic clearance, which
is reflected by blood flow across the liver. Theoreti-
cally, assessment of the hepatic blood flow using
Doppler sonography might be helpful in this situa-
tion, but to the best of our knowledge, clinical
studies supporting this hypothesis are so far lacking.

As shown in figure 3, a linear relationship has
been described between the serum bile acid level
and the extent of porto-systemic shunting in patients
with liver cirrhosis.[20] The serum bile acid level
may, therefore, be helpful for the initial dose adjust-
ment of high extraction drugs. However, to the best
of our knowledge, no studies are currently available
to address this question.

1.3.2 Low Extraction Drugs with Low Binding
to Albumin
Low extraction drugs undergo only a low extrac-

tion during the first passage across the liver (≤30%)
and their hepatic clearance is mainly determined by
the product of fu x Cli. These drugs have a bioavai-
lability that is ≥70% (unless dissolution in the gut
and/or intestinal absorption are incomplete). Impor-
tant examples of such drugs are listed in table II. As
shown in figure 2, the bioavailability of low extrac-
tion drugs is not grossly affected by liver cirrhosis,
but their clearance may be reduced depending on
their hepatic metabolism (reflecting Cli) and binding

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (6)
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Dissolved drug

Drug in
tablet

Absorbed drug

Bioavailable
dose fraction
(F)

Bioavailability
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Contents of stomach
and intestine

Gut wall Liver

Drug in portal vein

Undissolved drug Non-absorbed drug Loss during
first liver passage

Fig. 1. Effect of liver cirrhosis on the bioavailability of high extraction drugs. After oral administration, only a fraction of a drug reaches the
systemic circulation. Most of the drug not reaching the systemic circulation is either not absorbed or metabolised during the first passage
across the liver. Patients with liver cirrhosis and/or portal hypertension can have intra- and extra-hepatic, porto-systemic shunts, which
prevent the drug from reaching the hepatocytes and from being metabolised. Furthermore, important drug-metabolising enzymes have a
reduced activity in cirrhotic livers. These are the two main factors that are responsible for an increase in the bioavailability of high extraction
drugs in patients with cirrhosis.

to albumin (fu). Accordingly, the maintenance dose activity and/or protein content, such as impaired
of these drugs should be reduced, whereas therapy transcription for CYP1A, CYP3A and CYP2C,[50,53]

can be started with a normal dose. altered post-translational modification for
CYP2E1[50] or increased sensitivity to cholestasis asSimilar to high extraction drugs, it is impossible
described for CYP2E1 and CYP2C9.[43,50]

to predict precisely by how much the maintenance
Several studies have shown that conjugation re-dose of the low extraction drugs has to be reduced.

actions can also be impaired in patients with liverStudies that assessed the protein content and/or the
cirrhosis. Reduced glucuronidation has beenactivity of important drug-metabolising enzymes
demonstrated for zidovudine,[54,55] diflunisal,[56](CYPs and conjugation reactions) in livers from
morphine,[57,58] mycophenolate mofetil,[59]cirrhotic patients have shown that enzyme activities
lormetazepam[60] and lamotrigine.[61] The activity ofand protein content are reduced with increasing dis-
sulfotransferases was also found to be reduced,ease severity, as expressed by the Child-Pugh score,
whereas sulfatase activity appeared to be spared.[44]but with a large variability.[43-45]

Considering the large interindividual variabilityThe reduction in intrinsic hepatic clearance asso-
of the activity of drug-metabolising enzymes in cir-ciated with liver cirrhosis appears, therefore, not
rhotic patients, it is difficult to give general rules foronly to be a function of the Child-Pugh score, but
the dose adjustment of low extraction drugs in thisalso of the metabolic reaction involved. Conjugation
group of patients. For drugs that are new on thereactions such as glycosylation and transfer of sul-
market, kinetic studies in patients with impairedfate groups (phase II reactions) are considered to be
hepatic function due to liver cirrhosis are requestedaffected to a lesser extent by liver cirrhosis than
by the drug agencies prior to approval. Dosing rec-CYP-associated reactions  (phase  I reactions).[6]

ommendations for most of these drugs can, there-For instance, the clearance of oxazepam[46] or
fore, be found in the physician’s desk reference ortemazepam,[47] two benzodiazepines that are only
similar publications, but usually only for patientsconjugated, is not reduced in patients with liver
with Child-Pugh class A or B, but not C.[62]cirrhosis, whereas the clearance of diazepam[48,49] or

midazolam,[37] both undergoing phase I and phase II Despite the finding that conjugation reactions are
reactions, is decreased. As discussed previously, the also impaired in cirrhotic patients, it appears to be
decrease in CYP activity and/or protein content is justified to preferentially recommend drugs that are
highly variable in patients with cirrhosis.[43,45,50-53] mainly eliminated by conjugation, since only one
This variability can be explained, at least to some metabolic pathway is involved. If no studies are
extent, by the different mechanisms that affect CYP available, we recommend using a maintenance dose
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of 50% of normal in patients with Child-Pugh class albumin in this case) is considered. For the free
A and of 25% in patients with Child-Pugh class B concentration only, fu would equal 1 and Clhep for
and to adjust this dose according to the pharmaco- low extraction drugs would approach Cli.
logical effect and toxicity. For Child-Pugh class C Importantly, in patients with hypoalbuminaenia,
patients, we recommend the use of drugs whose the total plasma concentration of drugs with a high
safety has been demonstrated in clinical trials and/or binding to albumin is decreased when their free
whose kinetics is not affected by liver disease or for concentration is in the normal range (due to a de-
which therapeutic drug monitoring is available. crease in drug concentration bound to albumin) [see

figure 4 for an explanation]. In order to avoid toxici-1.3.3 Low Extraction Drugs with High Binding
ty by overdosing, free drug concentrations should beto Albumin
determined and used to guide the therapy of suchLow extraction drugs with a high binding to
drugs in cirrhotic patients, e.g. for phenytoin oralbumin (≥90%) may represent an exception from
valproate.the rule that hepatic clearance is mainly determined

by the activity of drug-metabolising enzymes (Cli).
1.3.4 Intermediate Extraction DrugsIn patients with reduced serum albumin levels, a

frequent finding in patients with liver cirrhosis, the The hepatic clearance of drugs with a hepatic
free fraction (and possibly also the free concentra- extraction between 30% and 60% (‘intermediate
tion) of such drugs is increased. Assuming that there extraction’ drugs) is determined by both the blood
is a first order reaction (the reaction velocity is flow across the liver and (fu x Cli). Since the
proportional to the free drug concentration), such bioavailability of these drugs is ≥40%, the influence
drugs may, therefore, be metabolised more rapidly of porto-systemic shunts is less pronounced than
in cirrhotic patients. According to equation 3, the with high extraction drugs (see table III). In general,
hepatic clearance of such drugs may remain un- the hepatic clearance of these drugs is reduced,
changed or may even be increased in cirrhotic pa- which necessitates the adjustment of their mainte-
tients. However, this argumentation is only valid nance dose. Treatment should be started with an
when the total drug concentration (free and bound to initial dose in the low range of normal and mainte-
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Fig. 2. Effect of liver cirrhosis on the kinetics of drugs with high or low hepatic extraction. For drugs with a high hepatic extraction, the
maximal plasma concentration and bioavailability of the drug increases and elimination is slowed. For drugs with a low hepatic extraction,
only elimination is slowed. Accordingly, for drugs with a high hepatic extraction that are administered orally, both initial and maintenance
doses have to be reduced, whereas for drugs with a low hepatic extraction, only the maintenance dose has to be adapted.
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Table III. Comparison of the oral bioavailability of selected drugs in healthy control subjects and patients with liver cirrhosis

Drug Bioavailability (fraction of 1) Reference

Control subjects Cirrhotic patients Increase (factor)

Clomethiazole 0.10 ± 0.07 1.16 ± 0.25 11.6 32

Encainide 0.26 ± 0.20 0.76 ± 0.42 2.92 33

Flumazenil 0.28 ± 0.06 0.65 ± 0.26 2.32 34

Labetalol 0.33 ± 0.09 0.63 ± 0.19 1.91 35

Pethidine 0.48 ± 0.13 0.87 ± 0.27 1.81 36

Midazolam 0.38 ± 0.16 0.76 ± 0.37 2.00 37

Morphine 0.47 ± 0.14 1.01 ± 0.43 2.15 38

Nifedipine 0.51 ± 0.17 0.91 ± 0.26 1.78 39

Nisoldipine 0.04 ± 0.02 0.15 ± 0.10 3.75 40

Pentazocine 0.18 ± 0.05 0.68 ± 0.21 3.78 36

Propranolol 0.36 ± 0.02 0.60 ± 0.10 1.67 41

Verapamil 0.10 ± 0.02 0.16 ± 0.05 1.60 42

nance doses should be adjusted as described in sec- <100%, not only because of a first liver pass effect
tion 1.3.2 for low extraction drugs. Examples of but also because of incomplete dissolution of tablets
such drugs are listed in table II. in the gut, incomplete absorption in the gut and/or

degradation in the enterocytes (see figure 1). Entero-1.3.5 Problems in the Classification of Drugs
cytes contain CYP3A4, which can metaboliseAccording to Hepatic Extraction
CYP3A4 substrates such as midazolam[65] orIn order to compare the prediction of the kinetic
ciclosporin[66] before they reach the liver. They alsobehaviour of drugs as estimated using hepatic ex-
contain P-glycoprotein, which can transport drugstraction with kinetic studies performed in patients
from the enterocytes back to the intestine (as shownwith liver cirrhosis, we recently studied the antine-
for digoxin).[67] On the other hand, oral bioavai-oplastic agents on the market in Switzerland (Krä-
lability can be measured directly in humans, whichhenbühl S, unpublished data). Of the 64 antineoplas-
is difficult for hepatic extraction. A weakness of thetic drugs that were identified, the available kinetic
calculation of hepatic extraction using equation 5 isdata of only 49 were sufficient to allow a classifica-
that the systemic clearance of a drug is usuallytion according to hepatic extraction. However, val-
measured in plasma and not in blood. For substancesues for hepatic extraction (E) are published only for
with a different concentration in plasma and ina minority of them. E, therefore, had to be estimated
erythrocytes (e.g. drugs that are trapped in erythro-based on the bioavailability or by using the follow-
cytes such as ribavirin), the results of this approaching equation (derived from the definition of E in
will, therefore, be wrong. Thus, in our study onsection 1.3 and  from  the  definition  of  Q0) [equa-
antineoplastic drugs (Krähenbühl S, unpublishedtion 5]:
data), we used both approaches and detected an
acceptable agreement between them. The hepatic

Q0 × CIsys

QE =
extraction of high extraction drugs in table II was(Eq. 5)
calculated according to equation 5.

where Q0 is the fraction of a drug metabolised by the
liver (Clhep = Q0 × Clsys), Clsys is the systemic 1.4 Renal Clearance
clearance of the drug and Q is the liver blood flow.
The values for Q0 and Clsys can be obtained from It is well established that patients with cirrhosis
different sources.[62-64] have reduced effective renal plasma flow and glo-

Both approaches, whether using oral bioavai- merular filtration rates, even in the absence of asci-
lability as a surrogate for hepatic extraction or the tes.[68-70] On the other hand, several studies have
calculation of hepatic extraction using equation 5, shown that patients with liver cirrhosis tend to have
have their limitations. Oral bioavailability can be low serum creatinine levels,[71-73] which indicates
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that glomerular filtration rates cannot be estimated strated among others for metoclopramide (a
using the serum creatinine level. The low serum CYP2D6 substrate), which reveals an overpropor-
creatinine level in cirrhotic patients can be explained tional reduction in total body clearance in patients
by impaired synthesis of creatine and a reduced with renal failure.[90]

skeletal muscle mass.[73] For the same reasons, cal-
1.5 Cholestasisculation of the creatinine clearance using the Cock-

croft formula[74] may overestimate the rate of glo-
Cholestasis can impair the activity of severalmerular filtration.[75-77]

CYPs, for instance CYP2C[50] and CYP2E1.[43] InTheoretically, the determination of the creatinine
patients with cholestasis, drugs that are metabolisedclearance based on urinary excretion of creatinine
by CYPs can, therefore, have a diminished hepaticshould yield accurate results, even in patients with
clearance, potentially requiring adjustment of theirimpaired creatine synthesis and/or reduced muscular
dose.mass. Although one study has shown that the mea-

Although it is conceivable that drugs with pre-sured creatinine clearance reflects glomerular filtra-
dominant biliary elimination may have a decreasedtion in cirrhosis accurately,[75] other studies indicate
clearance in patients with cholestasis, it is surprisingthat glomerular filtration is overestimated, in partic-
that kinetic studies exist for only a few of suchular in patients with reduced glomerular filtration
drugs. Kinetics and dynamics have been investigat-rates.[72,77-79] This finding has been explained by an
ed in cholestatic patients, particularly for antine-increased secretion of creatinine in cirrhotic pa-
oplastic agents (including vinca alkaloids,[91,92] dox-tients.[73,80] The serum cystatin C level, another en-
orubicin and derivatives[93-95] and dactinomycin).[96]

dogenous marker for renal function, may reflect
These studies resulted in recommendations for doseglomerular filtration more accurately in cirrhotic
adjustment according to the serum bilirubin levelpatients.[72]

and/or activity of alkaline phosphatase.[96] However,
Since the glomerular filtration rate is usually it remains unclear whether these two parameters are

decreased in patients with liver cirrhosis, drugs with the best markers for dose adjustment in patients with
mainly renal elimination and a narrow therapeutic cholestasis or whether other enzyme activities and/
range should also be dosed with caution in this or the serum bile acid level would be more accurate.
group of patients. A decreased renal elimination in Considering the impact of cholestasis on the kinetics
cirrhotic patients has been shown for several drugs, and dynamics of antineoplastic drugs (Krähenbühl
including cefpiramide,[81] cilazapril,[82] flucona-
zole,[83] lithium[84,85] and ofloxacin.[86,87] As dis-
cussed previously, the serum creatine level is not
accurate enough to be used as a marker for glomeru-
lar filtration in these patients. It should be replaced
by the estimated or measured rate of creatinine
clearance, but it has to be taken into account that
creatinine clearance tends to overestimate glomeru-
lar filtration in cirrhotic patients.

Although it is well established that liver disease
can be associated with impaired renal function, it is
less clear whether impaired renal function may also
affect the hepatic metabolism of drugs. Indeed, in
patients with renal failure, CYP-associated drug me-
tabolism has been shown to be impaired,[88] in par-
ticular for CYP2D6. Similar observations have been
reported for rats with renal failure, where several
CYPs show a reduced hepatic expression.[89] The
clinical relevance of these findings has been demon-
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proper dosing of drugs with a high hepatic extraction in cirrhotic
patients.
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Considering systemic adverse effects, the useful-
ness of dose adaptation in patients with liver disease
is most clearly evident for antineoplastic agents,
which are generally associated with dose-dependent,
systemic adverse effects. For some of them, as dis-
cussed, recommendations for dose adaptation in pa-
tients with liver disease have been established.[96]

Regarding adverse effects that affect the liver
itself, most such events are type B reactions.[97] Only
a few drugs reveal a dose-dependent hepatic toxici-
ty, including methotrexate,[98] paracetamol (ac-
etaminophen)[99,100] and isoniazid.[101,102] Therefore,
patients with pre-existing liver disease who are
treated with one of these drugs may be at a higher
risk for hepatic toxicity than patients without liver
disease. For methotrexate, alcoholic patients have
an increased risk of developing liver fibrosis and
cirrhosis.[98] The mechanism for this increase in
methotrexate toxicity is not completely clear, but
may be due to the presence of two different agents
that are associated with liver fibrosis and possibly
cirrhosis.[98] Similarly, alcoholic patients are more
susceptible to the hepatotoxic effects of paraceta-
mol. An important factor for this finding is the
induction of CYP2E1 by alcohol, which increases
the generation of N-acetyl-p-benzoquinone imine, a
toxic metabolite of paracetamol.[99,100] For isoniazid,
both pre-existing liver cirrhosis and ingestion of too
much alcohol appear to be risk factors for hepatic
toxicity.[101,102] Since isoniazid is also metabolised
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Fig. 4. Effect of the serum albumin level on the total serum concen-
tration and free fraction of drugs with high albumin binding. The free
concentration of a drug with high binding to albumin (≥90% at a
normal serum albumin level) is kept constant at a plasma concen-
tration of 10. Under normal conditions (binding capacity 100% at a
normal serum albumin level), 90% of the drug is albumin-bound
and 10% is free. The total plasma concentration is 100. When the
serum albumin level is lowered by one-third (binding capacity 67%),
the free concentration remains at 10. The free fraction increases to
14% and the total serum concentration decreases to 70. After low-
ering the serum albumin level to 33% of normal (binding capacity
33%), the free concentration remains 10, the free fraction increases
to 25% and the total serum concentration of the drug drops to 40.
When the free fraction of a drug is above normal, the reason for this
finding should be sought and the free drug concentration should be
used for therapeutic drug monitoring. by CYP2E1, increased hepatic toxicity in alcoholics

may also be due to the induction of CYP2E1 by
alcohol.[103]S, unpublished data), it is crucial that kinetic studies

in cholestatic patients are also performed with other The occurrence of hepatic microvesicular steato-
drugs that exhibit a predominant biliary excretion sis that is associated with the ingestion of drugs is a
and/or enterohepatic cycling, e.g. phenprocoumon, typical type B reaction.  Microvesicular steatosis
mycophenolate mofetil and others. is a life-threatening  condition  caused by  im-

paired β-oxidation of liver mitochondria[104,105] and
has been described in patients treated with valproic2. Liver Disease and Adverse Effects

of Drugs acid,[106] analgetic doses of aspirin (acetylsalicylic
acid),[106] certain opiates [107] or the uricosuric benz-
bromarone.[108] Since microvesicular steatosis isDose adaptation in patients with liver disease is
considered to be more frequent in patients with aaimed at reducing the dose-dependent adverse ef-
pre-existing mitochondrial disorder, e.g. a defect infects of drugs (type A reactions). In contrast to type
β-oxidation or in the urea cycle, or a mitochondrialA reactions, adverse drug reactions independent of
cytopathy,[109] certain pre-existing liver diseasesthe dose (idiosyncratic or type B reactions) may not

be avoidable by dose reduction. may also be risk factors for type B reactions.
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Although, as described previously, pre-existing reactions.[123] Contrary to the benzodiazepines, they
liver disease and also enzyme polymorphisms[110,111] have the disadvantage that they cannot be
or specific HLA genotypes[112,113] can represent risk antagonised. Clomethiazole, a sedative used widely
factors for drug-induced liver disease, it is important for the prevention of delirium tremens in Europe,
to realise that hepatic injury is not the typical ad- has a high first liver pass effect with an unpredict-
verse reaction associated with the drugs used in able oral bioavailability in cirrhotic patients[32] (see
patients with liver cirrhosis. The drugs used in this table III). As illustrated in the introduction of this
group of patients (in particular diuretics and central- article, an unexpectedly high  bioavailability can
ly active drugs) much more often impair renal func- result  in  toxic drug  concentrations with  life-
tion and/or induce encephalopathy (see section 3). threatening respiratory depression. Considering

benzodiazepines, substances with a long half-life
should be avoided and those eliminated by conjuga-3. Pharmacodynamics
tion only, e.g. oxazepam or lorazepam, should be
preferred.Patients with liver cirrhosis have been reported to

In comparison to healthy individuals, a higherbe more sensitive to the central adverse effects of
tubular concentration of diuretics is needed in cir-morphine[57,114] and benzodiazepines,[115,116] and to
rhotic patients  to excrete  a given amount ofrenal adverse effects of NSAIDs,[117] whereas the
sodium. This  has  been  shown for  the loop di-sensitivity to the natriuretic effect of loop diuretics
uretics torasemide,[124,125] bumetanide[126] andwas found to be reduced.[6]

furosemide.[125,127,128] For torasemide, a diuretic thatAn early study described precipitation of hepatic
is metabolised by the liver, the kidney compensatesencephalopathy after IV administration of morphine
for reduced hepatic metabolism in patients within patients with decompensated liver cirrhosis at low
cirrhosis. A larger proportion of the drug is, there-doses (8mg IV).[114] In contrast, in a more recent
fore, eliminated by the kidney and leads to an appar-study, none of six cirrhotic patients developed en-
ently normal pharmacological effect in cirrhotic pa-cephalopathy after the IV administration of higher
tients.[124]doses of morphine.[118] Since several studies have

shown that the oral bioavailability of morphine is NSAIDs are known to precipitate renal failure in
increased and its elimination is impaired,[38,58,119] patients with cirrhosis and ascites.[117] Patients with
morphine should be used with caution in patients portal hypertension have a low peripheral resistance
with cirrhosis, irrespective of the presence of an and hyperdynamic circulation due to an increased
increased sensitivity to central adverse effects. production of vasodilating substances such as nitric

Patients with liver cirrhosis appear to be extreme- oxide.[129] In order to prevent a large drop in the
ly sensitive to the sedative effects of benzodi- arterial pressure, the renin angiotensin aldosterone
azepines.[115,116] In these patients, benzodiazepines and the sympathetic nervous system are activated,
may induce encephalopathy, which can be reversed which leads to renal arterial vasoconstriction. For
by the administration of benzodiazepine antago- the maintenance of a sufficient filtration pressure,
nists.[120] Although  impaired hepatic  metabolism local production of vasodilatory prostaglandins is
has been demonstrated in patients with cirrhosis for necessary for dilating the renal arteries. After inges-
midazolam[115] and diazepam,[48,49,116,121] no such tion of NSAIDs, renal production of prostaglandins
changes were detected for oxazepam,[46] is abolished and eventually leads to renal failure in
temazepam[47] or triazolam,[122] which suggests that cirrhotic patients. Although no clinical data have
the increased sedation of benzodiazepines in cirrhot- been published for selective cyclo-oxygenase
ic patients is partially due to pharmacodynamic al- (COX)-2 inhibitors, and renal function was not im-
terations. paired by the administration of a selective COX-2

Despite their disadvantages, benzodiazepines are inhibitor in cirrhotic rats,[130] it is prudent to avoid
difficult to replace as sedatives in cirrhotic patients. this class of drugs in cirrhotic patients with ascites,
Antipsychotic agents undergo extensive hepatic me- since COX-2 inhibitors have been shown to impair
tabolism and can also cause neurological adverse renal perfusion in salt-depleted, healthy subjects.[131]
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